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缩 写 词 表 
APS ammonium persulfate  过硫酸铵 
BSA bovine albumin serum  牛血清白蛋白 
CIAP calf-intestinal alkaline phosphatase 小牛小肠碱性磷酸酶 
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SPB spindle pole body  纺锤体极体 
TE(Tris/EDTA) Tris/EDTA 缓冲盐溶液 
TEMED N N N' N'-tetramethylethylenediamine  N N N' N'-四甲基二乙胺 

















在裂殖酵母 S.pombe 中，CLIP-170 家族蛋白 Tip1 作为微管末端示踪蛋白，
能够监督微管使其沿着细胞的纵轴生长。另外，Tip1 也参与运输细胞极性因子
到细胞末端。tip1∆会导致细胞弯曲甚至分叉，而过表达 Tip1 会导致细胞不能从
单极生长向双极生长转变。人类肿瘤抑制因子 Chfr 同源蛋白 Dma1 是纺锤体检
验点蛋白和胞质分裂的抑制因子，研究发现它会泛素化修饰 SIN(septation initial 
network)信号途径中的骨架蛋白 Sid4，导致 Plo1 激酶不能定位到 SPB(spindle pole 
body)，从而抑制 SIN 信号途径和阻止胞质分裂。 
    我们实验室在采用串联亲和纯化方法纯化 Dma1 蛋白复合体时，发现 Tip1
总是存在于此复合体中，定位研究显示 Dma1 和 Tip1 在细胞末端都有定位。本
研究发现，Dma1 和 Tip1 在细胞末端共定位，且在胞内有直接相互作用。我们还
发现这两种蛋白的体外相互作用依赖于 Dma1 的 FHA 结构域，并且 Dma1 结合
被磷酸化的 Tip1。我们的研究发现 Tip1 的泛素化修饰依赖于 Dma1，而且 Dma1
的 E3 泛素连接酶活性和正确定位对于 Tip1 的泛素化都是必须的。缺失 Dma1 不
会明显影响 Tip1 的蛋白水平，但影响 Tip1 的半衰期。进一步研究发现，依赖于
Dma1 的 Tip1 泛素化修饰在 S 期显著增强，且发生在细胞末端。 
我们通过生化的手段对 Dma1 与 Myo52 以及 Dph1 在参与 Tip1 降解中的关
系进行了研究。结果表明，缺失 Myo52 或 Dph1 会导致泛素化形式的 Tip1 累积，
而缺失 Dma1 后，泛素化形式的 Tip1 均消失。Dma1 与 Myo52 不存在体外直接
相互作用，且 Dma1 也不影响 Myo52 和 Tip1 的相互作用。 
我们还发现 Dma1 总是定位在细胞生长端，且这种末端定位受到肌动蛋白斑
的调节。肌动蛋白斑通过调控 Dma1 的末端定位进而影响 Dma1 对 Tip1 的调控。
进一步的研究发现，缺失 Tip1 使细胞变长，而缺失 Dma1 或者 Myo52 会导致细
胞变短。 
    综上所述，本研究具体阐明了 Dma1 泛素化调控 Tip1 的机制，初步探索了
Dma1 泛素化调控 Tip1 的生理功能，为进一步揭示 Tip1 在细胞中精细调控细胞
极性生长的机制提供了重要的研究基础。同时，我们的研究也为人们研究高等生


































  In the fission yeast Schizosaccharomyces pombe, the microtubule plus end-tracking 
protein Tip1, a CLIP-170 protein family member, is required to guide fission yeast 
cytoplasmic microtubles to their target zone located at the cell ends. Besides, Tip1 
plays an important role in delivering cell polarity factors to cell tips, tip1∆ cells are 
bent and occasionally branched, while overexpression of Tip1 lead to monopolar 
growth. The tumor suppressor Chfr’s homologue Dma1 is a spindle checkpoint 
protein and cytokinesis inhibitor in fission yeast, Previous study showed that Dma1 
ubiquitinates the SIN（septation initial network) scaffold Sid4 to impede the mitotic 
localization of Plo1 kinase, and thus inhibits the SIN and prevents cytokinesis. 
  Previously our laboratory has identified Tip1 as a co-purified factor in Dma1-TAP 
purification.Localization analysis indicated that both Dma1 and Tip1 are present at 
the cell tips.  
  In this study, we confirmed that Dma1 colocalized with Tip1 at cell tips and that 
Dma1 indeed physically interacted with Tip1 in vivo.We also found that the 
interaction in vitro between these two proteins depended on the FHA domain of 
Dma1, and Dma1 could bind a hyperphosphorylated form of Tip1. Our result showed 
that Tip1 was ubiquitinated in a Dma1-dependent manner， both the E3 ligase activity 
and proper localization of Dma1 were required for ubiquitination of Tip1. Deletion of 
Dma1 prolonged the half-life of Tip1, but did not cause clear alteration on protein 
level of Tip1. Furthermore, we found that ubiquitination of Tip1 was elevated 
significantly at S phase during cell cycle, which most likely occurs at cell tips.  
We also found that the ubiquitinated Tip1 was accumulated in myo52∆ or dph1∆ 
mutant cells and was abolished when Dma1 was deleted, but we failed to detect the 
direct interaction between Dma1 and Myo52 in vitro. We observed that Dma1 does 
not affect the interaction between Myo52 and Tip1. 
Finally, we found that Dma1 was always localized at the growing ends of the cells 
and this localization was affected by actin patch.Consistent with their functions in 
















increased cell size at division,and conversely,mutants lacking dma1+ or myo52+ 
displayed a shortened cell size at division. 
Taken together, this study confirmed that Dma1 and Tip1 colocalze at cell ends and 
physically interacts. Our results revealed a novel function of Dma1 in regulation of 
cell polarized growth via ubiquitinating Tip1. 
 





























图 1.1 裂殖酵母细胞的生长周期（引自 Martin SG 等，2005[4]） 
Fig.1.1 Cell growth cycle of fission yeast Schizosaccharomyces pombe. 
胞质分裂后形成的 2 个子细胞最初只在“旧末端”生长，在随后的 G2 期，细胞的“新末端”才会发
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